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ABSTRACT 
 
Consumption of stingless bee honey as nutritious food supplement has been gaining 
popularity in many countries including Malaysia. However, its safe consumption 
following the possible presence of toxic amounts of trace elements remains unclear. 
Hence, this cross-sectional research that assessed the concentrations of multi-
elements in purely harvested stingless bee honeys from bee keepers at four 
geographical locations (five districts) in Johor using inductively coupled plasma-
optical emission spectrometry deserves consideration. Even though the 
concentrations of As, Pb, Cd and Sb in all the purely harvested stingless bee honeys 
complied fully with the Malaysian Food Standard, however the Cd concentrations in 
samples from Kota Tinggi was found to be higher than the suggested value by the 
US Food and Drug Administration for food supplements. While the concentrations of 
Cu and Cr in pure stingless bee honey samples from Muar and Kota Tinggi alone 
exceeded the minimal risk levels (MRLs) for chronic oral exposure, higher 
concentrations than the prescribed MRL for chronic oral exposure of Se for long 
term effect as set by US Agency for Toxic Substances and Disease Registry 
(ATSDR) was found in all the pure samples. Except for Ba and Sn, significant 
variations (p < 0.05) in the concentrations of other elements in pure stingless bee 
honey samples collected from the five districts of Johor were observed. Statistical 
approach using Principle Component Analysis (PCA) demonstrated 87.0% correct 
classification and the classification improved to 96.2% with the use of Linear 
Discriminant Analysis (LDA).  This indicates that discrimination was possible for 
the different geographical regions. Therefore, in view of minimizing threats towards 
public health and promoting better international acceptance for Malaysian stingless 
bee honeys, adoption of more stringent maximum permissible limits may prove 
necessary. Hence, utilization of multi-elements analysis coupled with chemometrics 
techniques for assigning the provenance of stingless bee honeys for forensic 
applications is supported. 
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ABSTRAK 
 
Pengambilan madu kelulut sebagai makanan tambahan berkhasiat semakin dikenali 
di serata dunia termasuk di Malaysia. Walau bagaimanapun, pengambilan selamat 
madu kelulut berikutan kehadiran amaun toksik logam surih masih tidak jelas. Oleh 
itu kajian keratan rentas semasa penentuan kepekatan pelbagai logam di dalam madu 
kelulut tulen yang diperoleh daripada penternak madu di empat lokasi geografi (lima 
daerah) di Johor menggunakan plasma gandingan aruhan-spektrometri pancaran 
optik adalah wajar. Walaupun kepekatan As, Pb, Cd dan Sb di dalam kesemua 
sampel madu kelulut tulen mematuhi Piawaian Makanan Malaysia, namun kepekatan 
Cd di dalam sampel dari Kota Tinggi didapati lebih tinggi daripada nilai cadangan 
oleh pihak US Food and Drug Administration untuk makanan tambahan. Manakala 
kepekatan logam Cu dan Cr di dalam sampel madu kelulut tulen dari Muar dan Kota 
Tinggi melebihi aras risiko minimum (MRLs) untuk pendedahan oral kronik, 
kepekatan yang lebih tinggi daripada MRL yang ditetapkan untuk pendedahan kronik 
oral Se untuk kesan jangka masa panjang seperti ditetapkan oleh pihak US Agency 
for Toxic Substances and Disease Registry (ATSDR) didapati untuk kesemua sampel 
tulen. Selain daripada Ba dan Sn, variasi signifikan (p < 0.05) dicerap dalam 
kepekatan unsur lain dalam sampel madu kelulut tulen yang dikumpul dari lima 
daerah di Johor. Pendekatan statistik menggunakan Analisis Komponen Prinsipal 
(PCA) memberikan 87% ketepatan klasifikasi dan klasifikasi meningkat kepada 
96.2% dengan penggunaan Analisis Diskriminasi Linear (LDA). Ini menunjukkan 
bahawa diskriminasi boleh dibuat berdasarkan kedudukan geografi. Oleh itu, dalam 
usaha untuk mengurangkan risiko terhadap kesihatan orang awam dan 
menambahbaik penerimaan madu kelulut Malaysia di peringkat antarabangsa, 
penggunaan aras maksimum yang dibenarkan yang lebih ketat adalah perlu. Justeru 
itu penggunaan analisis pelbagai unsur bersama teknik kimometrik dalam 
menentukan asal madu kelulut bagi tujuan aplikasi forensik adalah didokong.  
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background of Study 
 
1.1.1 Definitions of Honey 
 
According to Codex Alimentarius (2001), honey is a naturally sweet 
substance produced by honeybees from nectar plants or from a secretion of living 
parts of plants, which the bees collect, deposit, dehydrate, store and leave in 
honeycombs to ripen. This natural product is valuable as it is the only concentrated 
form of sugar available worldwide and is also used as a food preservative, as 
mentioned by Aghamirlou et al., (2015).  
 
Honey from different sources may vary in trace element, but generally they 
all consists the following basic sugar components, such as glucose and fructose. Saba 
et al., (2013) mentioned that the honey possesses numerous nutrition, healing and 
prophylactic properties that are suitable for medical treatments (Vit et al., 2015).  
However, if elements in the honey are above permitted levels, it will pose threats to 
human body and give negative effects due to contaminants. The contaminants such 
as Arsenic (As) is likely to come from micro polluting agents in the environment, as 
mentioned in previous studies by Chandrama et al., (2014).  
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1.1.2 Uses of Honey 
 
Honey that is produced acts as food store for the bees’ colony when there are 
no flowers and enable the bees to survive through seasons when they are not able to 
forage because of rain or other adverse circumstances. For human being, honey is a 
useful source of high carbohydrate food, and usually contains abundant nutrition for 
human diets. In many countries, honey is regarded as a medicine or special tonic, 
besides being daily food. It does contain medicinal properties that is acknowledged 
in modern medicine as a study published in the Pediatric journal that reveal honey as 
a remedy in helping children with cough at night. Cohen et al., in 2012 concluded 
that “Honey may be a preferable treatment for cough and sleep difficulty associated 
with childhood URI (upper respiratory infection).” 
 
Consumption of honey has been gaining considerable popularity as one of the 
expensive food supplement commodities worldwide (Cohen et al., 2012) owing to its 
nutritional and medicinal benefits. About 2,500 matrix tonnes of honey was traded in 
2013 for Malaysia i.e. accountable for about USD 116 million and USD 23 million 
worth of import and export, respectively (FAO Statistics Division 2016). This can be 
attributable to overwhelming empirical evidence advocating for its antimicrobial 
(Sgariglia et al., 2010), antioxidant (Silva et al., 2013), anti-inflammatory (Ahmad et 
al., 2012), antihyperlipidemic (Rahman et al., 2016), antidiabetic (Erejuwa et al., 
2012) and cardio protective properties (Rao et al., 2016). Moreover, the geographical 
regions (Rao et al., 2016), climate and environmental conditions as well as the 
different species of bees (Chua et al., 2012) has been indicated as the determinant 
factors for the quality of honeys. In Malaysia, honey produced by stingless bees 
(Trigona species) remains one of the popular choices with its market price ranging 
from USD 50-100 per kg (Kelly et al., 2014). 
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1.1.3 Multi-elements Analysis by Inductively Coupled Plasma-Optical 
Emission Spectrometry  
 
Inductively coupled plasma-optical emission spectrometry (ICP-OES) is one 
of the most popular analytical tools for determination of elements in various types of 
samples. ICP-OES is a technique that is more preferred for inorganic element 
analysis. However, only very few researchers have concentrated on inorganic 
compounds in honey as mentioned by Mbiri et al., (2011) compared with organic 
compound. To our best knowledge, there is not much research work performed with 
regards to multi-elements analysis in stingless bee honey using ICP-OES technique, 
especially in Malaysia. 
 
Since the chemical properties of honey relies mainly on the absorption of 
minerals/nutrients through plants from soils (Vanhanen et al., 2011), prolonged 
contamination by chemical pollutants (e.g. metals and pesticides) from 
industrial/agricultural seepages into soil and water may possibly lead to serious 
bioaccumulation concern. Previous researchers have reported about considerable 
amounts of Cd (1.03 mg/kg), Pb (0.691 mg/kg) and Cu (2.93 mg/kg) in stingless bee 
honeys sampled from various suppliers throughout Peninsular Malaysia, including 3 
samples from Johor Bahru (Moniruzzaman et al., 2014). Alarmingly, the amount of 
Cd that they reported (Moniruzzaman et al., 2014) exceeded the maximum permitted 
proportion for honey as prescribed by the Fourteenth Schedule of the Malaysian 
Food Act 1983 (Act 281) & Regulations (2014). Hence, chronic toxicity of Cd 
towards kidney, induction of lung tumors as well as skeletal deformities (Flanagan et 
al., 2008), following the prolonged consumption of contaminated honeys could not 
be ruled out.  
 
Although the level of Pb (0.691 mg/kg) was reportedly lower than the 
maximum permitted proportion (2 mg/kg) allowable by the Malaysian law, lower 
recommended level (0.3 mg/kg) has been suggested for babies, children and the 
elderly (WHO 2007). This situation renders such honeys as inappropriate for 
consumption for these vulnerable age groups. Because metal contaminations may  
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occur during honey production, harvesting as well as during packaging and 
transportation, and since the purity of such stingless bee honey products was not 
reported by previous researchers, the source of contaminations could not be 
explicitly ascertained. Interestingly, while excessive exposure of essential trace 
elements (such as Cu) may lead to several detrimental clinical conditions e.g. 
gastrointestinal bleeding and heart failure (Gulliver, 1991; Flanagan et al., 2008), 
specific maximum permitted proportion for various metals (except for As, Pb, Hg, 
Cd and Sb) in honey has not been prescribed in the Fourteenth Schedule of the 
Malaysian Food Act 1983 (Act 281) & Regulations (2014). 
 
In this context, it is pertinent to indicate that the regulation of honeys that are 
sold in the Malaysian market (especially those by small scale sellers) remains scarce, 
despite the availability of specific guideline for safe consumption of honey in 
Malaysia. Therefore, the compliance of such honeys to the prevailing standard for 
human consumption can be questionable. Considering (a) negative health 
implications following acute and/or chronic exposure of metals (Cope et al., 2004; 
Flanagan et al., 2008) in stingless bee honey and (b) temporal changes that may have 
occurred at its harvesting sites over time, continuous assessment on the levels of such 
elements in the purely harvested stingless bee honeys at beekeepers proves to be 
imperative. This research assessed the concentrations of various elements in purely 
harvested stingless bee honeys from beekeepers at four different geographical 
locations (five districts) in Johor to elucidate its potential threat towards public health 
and for provenance purpose. 
 
 
1.1.4 Chemometric Analysis 
 
The discipline of chemometrics is mainly related to the use of statistical 
computing in chemistry. Matthias Otto mentioned in his published Chemometric 
book in 2007 that some analytical groups in early 1970s were already working with 
statistical methods that are nowadays known as chemometrics. He also mentioned 
about an actual definition of chemometric: ‘the chemical discipline that uses  
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mathematical and statistical methods to design or select optimal measurement 
procedures and experiments, and also to provide maximum chemical information by 
analyzing chemical data. Kreitals and Watling (2014) indicated that chemical 
signatures resulted from climatological, geochemical and anthropogenic influences 
'are incorporated in the region's geology, soils, water and vegetation; making their 
way through the food chain to higher level organisms' and vary significantly among 
the different areas. In this context, identifying multi-elements distribution patterns 
may prove useful for forensic provenance.  
 
Although the use of genetic methods for population assignment has been 
suggested (Alacs et al., 2010), and because such methods are 'technique dependent 
and not all genetic tools provide the same resolution' (Kreitals and Watling, 2014), 
application of multi-element analysis for provenance establishment may greatly 
benefit on-going forensic investigations. Coupled with chemometrics techniques, the 
multi-element analysis approach is especially useful when dealing with populations 
with low genetic divergence with no distinctive boundaries (Alacs et al., 2010). In 
this context, the use of chemometrics techniques such as principal component 
analysis (PCA) and linear discriminant analysis (LDA) has been suggested. While 
applications of such integrated approach for provenance establishment of coffees 
(Valentin and Watling, 2013), wines (Martin et al., 2012), pigs (Kreitals and 
Watling, 2014), beef (Heaton et al., 2008), vegetables (Yan et al., 2015) and honey 
(Baroni et al., 2009; Chua et al., 2012) have been indicated, specific studies focusing 
on provenance of stingless bee honeys have not been reported.  
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1.2 Problem Statements 
 
The regulation of honeys that are sold in the Malaysian market (especially 
those by small scale sellers) remains limited and the specific maximum permitted 
proportion for various metals (except for As, Pb, Hg, Cd and Sb) in honey has not 
been prescribed in the Fourteenth Schedule of the Malaysian Food Act 1983 (Act 
281) & Regulations (2014) (Malaysian Food Act 1983). Hence, the compliance of 
such honeys to the current standard for human consumption can be doubtful, 
especially in chronic exposure. Review of the literature reveals very limited and 
sporadic information pertaining to this aspect in Malaysia. 
 
The increasing demand for authentic and high quality stingless bee honey has 
rendered significant increase in risks of fraud, in attempts to market the lower quality 
and/or adulterated honeys as the pure expensive ones. Due to its cheaper cost, 
mixtures of fructose and glucose are commonly used as adulterants for producing 
low quality honeys (Zhu et al., 2010), and such a practice may deteriorate its 
nutritional as well as medicinal benefits.  
 
It has been reported that differences in climate and environmental conditions 
within the vicinity of its foraging area, processing and storage conditions (Chua et al. 
2012) as well as the different species of bees (Chua et al., 2012; Moniruzzaman et 
al., 2014) and geographical regions (Rao et al., 2016) would result in variations in 
the quality of honeys. Therefore, having the ability to accurately identify the 
geographical origin of stingless bee honey products become pertinent for unveiling 
fraudulent practices as well as promoting improvement of quality control and 
consumer protection. The association between the multi-elements and geographical 
origins of the stingless bee honey samples are also remains scarce. To the best of our 
knowledge, to date, there isn’t any study in Malaysia on provenance in stingless 
honey bee focusing in Johor. 
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1.3 Aims and Objectives of Study 
 
The aim of the study is to investigated the discriminatory power of inter-
element association pattern recognition in stingless bee honeys collected for 
provenance establishment, acquires forensic significance while the objectives of this 
study are to: 
 
 
1. Quantify the concentration of twenty elements, namely Ag, Al, As, B, Ba, 
Be, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Sb, Se, Sn and Zn in pure 
stingless bee honey obtained from beekeepers at four different geographical 
locations (five districts) within Johor and the purportedly pure stingless 
honey purchased from the market using ICP-OES. These samples were used 
to verify whether they comply with the standard prescription in the Malaysian 
law (Food Act 1983 (Act 281) & Regulations (2014)). 
 
 
2. Compare the concentration of stingless bee honey to the minimal risk level 
from the standard prescribed in the ATSDR for prolonged consumption or 
chronic oral exposure health effects. 
 
 
3. Study the efficiency of multi-element analysis and principal component 
analysis and linear discriminant analysis at discriminating the geographical 
origins of the pure stingless honey samples and the purportedly pure stingless 
honey purchased from the market. 
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1.4  Scope of Study 
 
Samples of pure stingless honey were harvested from four geographical 
regions viz north (Segamat), west (Kota Tinggi), east (Muar and Batu Pahat) and 
south (Johor Bahru) in Johor, Malaysia. For each district, samples were collected 
from one honey beekeeper suggested by the Johor Entrepreneur of Stingless Bee 
Society in the month of May, June and July 2016. Using a validated ICP-OES, multi-
element analysis in all the honey samples was attempted. To study the efficiency of 
multi-element analysis using PCA and LDA at discriminating the geographical 
origins of the pure stingless bee honey, samples of the purportedly pure stingless 
honey purchased from the market (Johor: Johor Bahru and Negeri Sembilan: 
Seremban) were also included. 
 
 
1.5 Significance of Study 
 
The importance of this study is to quantify the concentration of multi-
elements that will be useful for human consumption indicator especially in long-term 
consumption and also for provenance establishment between the various 
origins/districts of purely harvested stingless honey. This study will also reveal the 
similarity or dissimilarity between purely harvested and purportedly pure stingless 
bee honeys in terms of multi-element compositions. This present study would also 
pave the way to applications of chemometrics techniques for forensics practical 
caseworks in Malaysia. 
 
 
 
 
 
 
 
 
  
50 
 
 
REFERENCES 
 
Achudume, A.C., and Nwafor, B.N. (2010). The ecological assessment of metals in 
local brands of honey in Southwest Nigeria. African Journal of Agricultural 
Research, 5(18): 2608–2610.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2001). Toxicological 
Profile for Antimony, U.S. Department of Health and Human Services 1–
160.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2007a). 
Toxicological Profile for Arsenic, U.S. Department of Health and Human 
Services 1–559.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2012a). 
Toxicological Profile for Cadmium, U.S. Department of Health and Human 
Services 1–487 
Agency for Toxic Substances and Disease Registry (ATSDR). (2012b). 
Toxicological Profile for Chromium, U.S. Department of Health and 
Human Services 1–592.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2004). Toxicological 
Profile for Copper, U.S. Department of Health and Human Services 1–314.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2007b). 
Toxicological Profile for Lead, U.S. Department of Health and Human 
Services 1–582.  
Agency for Toxic Substances and Disease Registry (ATSDR). (2003). Toxicological 
Profile for Selenium, U.S. Department of Health and Human Services 1–
457. 
  
51 
 
Aghamirlou, H.M., Khadem, M., Rahmani, A., Sadeghian, M., Mahvil, A.H., 
Akbarzade, A., and Nazmara, S. (2015). Heavy metals determination in 
honey samples using inductively coupled plasma-optical emission 
spectrometry. Journal of Environmental Health Science and Engineering 
13: (1) 1–8. 
Ahmad, I., Jimenez, H., Yaacob, N. S., and Yusuf, N. (2012). Tualang Honey 
Protects Keratinocytes from Ultraviolet Radiation-Induced Inflammation 
and DNA Damage. Photochemistry and Photobiology, 88:(5) 1198–1204.  
Ahmad, M. (2016). Lambakan madu palsu, sintetik. Kosmo! Newspaper 2016 Aug 
15; Sect. National col: 2 (pg. 3). 
Ajibola, A., Chamunorwa, J.P, and Erlwanger, K.H. (2012a). Nutraceutical values of 
natural honey and its contribution to human health and wealth. Nutrition 
and metabolism, 9 (1), P61 
Ajibola, A., Chamunorwa, J.P, and Erlwanger, K.H. (2012b). Long-term dietary 
supplementation with natural honey does not predispose growing male rats 
to metabolic syndrome. BMC Proceedings, 6 (3) P3.  
Akbari, B., Gharanfoli, F., Khayyat,  Khashyarmanesh, M.H, Zahra, R., and Ramin, 
K.G. (2012). Determination of heavy metals in different honey brands from 
Iranian markets. Food Additives and Contaminants: (5):2; 105–111  
Alacs, E.A., Georges, A., Fitzsimmons, N.N., and Robertson, J. (2010) DNA 
Detective: A review of molecular approaches to wildlife forensics. Forensic 
Science Medicinal Pathology 6(3): 180–94. 
Andrade, C.K., Anjos, V.E., Felsner, M.L., Torres, Y.R., and Quináia, S.P. (2014). 
Relationship between geographical origin and contents of Pb, Cd, and Cr in 
honey samples from the state of Paraná (Brazil) with chemometric 
approach. Environmental Science and Pollution Research International, 
21(21): 12372–12381.  
  
52 
 
Baroni, M., Arrua, C., Nores, M., Fayé, P., Diaz, M., Chiabrando, G., and 
Wunderlin, D. (2009). Composition of honey from Córdoba (Argentina): 
Assessment of north/south provenance by chemometrics. Food Chemistry 
114(2): 727–33. 
Baroni, M., Nores, M.L., Díaz, M.D.P., Chiabrando, G.A., Fassano, J.P., and Costa, 
C. (2006). Determination of volatile organic compound patterns 
characteristic of five unifloral honey by solid-phase micro extraction-gas 
chromatography-mass spectrometry coupled to chemometrics. Journal of 
Agriculture and Food Chemistry (54):7235–7241. 
Baroni, M.V., Natalia, S., Badini, R.G., Inga, M., Ostera, H.A., Cagnoni, M. (2015). 
Linking soil, water, and honey composition to assess the geographical origin 
of Argentinean honey by multi-elemental and isotopic analyses. Journal of 
Agricultural and Food Chemistry, 63(18); 4638–4645.  
Beekman, M., Sumpter, D.J.T., Seraphides, N., and Ratnieks, F.L.W. (2004). 
Comparing foraging behaviour of small and large honey-bee colonies by 
decoding waggle dances made by foragers. Functional Ecology, 18(6); 829–
835.  
Bella, G.D., Turco, V.L., Potortì, A. G., Bua, G. D., Fede, M. R., and Dugo, G. 
(2015). Geographical discrimination of Italian honey by multi-element 
analysis with a chemometric approach. Journal of Food Composition and 
Analysis, (44): 25–35. 
Belouali, H., bouka, M., and Abdelkader, H. (2008). Determination of Some Major 
and Minor Elements in the East of Morocco Honeys Through Inductively 
Coupled Plasma Optical Emission Spectrometry. Apiacta, (43), pp.17–24. 
Bilandžić, N., Đokić, M., and Sedak, M. (2012). Content of Five Trace Elements in 
Different Honey Types from Koprivnica-Križevci Country. Slovenian 
Veterinary Research (49) 4; 167-175. 
Bogdanov, S. (2006). Contaminants of bee products. Apidologie, 37(1); 1–18.  
  
53 
Bratu, I. and Georgescu, C. (2005). Chemical Contamination of Bee Honey – 
Identifying Sensor of the Environment Pollution. Journal of Central 
European Agriculture, 6(1); 95–98.  
Camiña, J.M., Miguel, A., Cantarelli, V.A., Lozano, María, S.B., María, E.I., Raúl 
A.G. (2015). Chemometric tools for the characterization of honey produced 
in La Pampa, Argentina, from their elemental content, using inductively 
coupled plasma optical emission spectrometry (ICP-OES). Journal of 
Apicultural Research. (47) 2; 2008 
Chen, H., Chun, F., Qiao, C., Guo, P., Ya, C. (2014). Application of ICP-MS method 
in the determination of mineral elements in vitex honey for the classification 
of their geographical origins with chemometric approach. Guang Pu Xue Yu 
Guang Pu Fen Xi. 35(1):212-6 
Chua, L.S., Rahaman, N.L.A., Sarmidi, M.R., and Aziz, R. (2012). Multi-elemental 
composition and physical properties of honey samples from Malaysia. Food 
Chemistry 135: (3) 880–887. 
Chua, L.S. and Adnan, N.A. (2014). Biochemical and nutritional components of 
selected honey samples. Acta Scientiarum Polonorum. Technologia 
Alimentaria, 13(2); 169–179.  
Chudzinska, M. and Baralkiewicz, D. (2011). Application of ICP-MS method of 
determination of 15 elements in honey with chemometric approach for the 
verification of their authenticity. Food and Chemical Toxicology, 49(11); 
2741–2749.  
Chudzinska, M., Debska, A. and Baralkiewicz, D. (2012). Method validation for 
determination of 13 elements in honey samples by ICP-MS. Accreditation 
and Quality Assurance, 17(1); 65–73.  
Codex Alimentarius (2001). Draft revised standard for honey. Alinorm 01/25 19-26. 
and EU Council (2002) Council Directive 2001/11 O/EC of 20 December 
2001 relating to honey. Official Journal of the European Communities L10, 
47-52 
  
54 
Cohen, H.A., Rozen, J., Kristal, H., Laks, Y., Berkovitch, M., Uziel, Y., Kozer, E., 
Pomeranz, A., and Efratj, H. (2012). Effect of Honey on Nocturnal Cough 
and Sleep Quality: A Double-blind, Randomized, Placebo-Controlled Study. 
Pediatrics 130: (3) 465–471. 
Conti, M.E., Finoia, M.G., Fontana, L., Mele, G., Botrè, F., and Iavicoliet, I. (2014). 
Characterization of Argentine honeys on the basis of their mineral content 
and some typical quality parameters. Chemistry Central journal, 8(1); 44.  
Daşbaşı, T., Saçmac, S., Cankaya, N., and Soykan, C. (2016). A new synthesis, 
characterization and application chelating resin for determination of some 
trace metals in honey samples by FAAS. Food Chemistry, 203, 283–291.  
Dilek, D. and Aksoy, A. (2005). Determination of Heavy Metals in Honey Bee Using 
by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). 
G.U. Journal of Science. 18(4): 569-575  
Dima, G., Popescu, Dinu, S., and Niţescu. (2012). Heavy metals in pollen samples 
collected from the Dambovita county analyzed by EDXRF method. 
Environmental Physics. (57) 9–10; 1411–1416. 
Drivelos, S.A. and Georgiou, C.A. (2012). Multi-element and multi-isotope-ratio 
analysis to determine the geographical origin of foods in the European 
Union. TrAC Trends in Analytical Chemistry. (40);38–51.  
Food Act 1983 (Act 281) and Regulations. (2014). Fourteenth Schedule (Regulation 
38) Maximum Permitted Proportion of Metal Contaminant in Specified 
Food. Malaysia: International Law Book Series, p. 32. 
Food and Agriculture Organization of the United Nations (FAO). 2016. Statistics 
Division. Crops and livestock products.  
Food and Drug Administration (USFDA). (2013). Annex J - Food Standards (2013) 
1–21. 
Formicki, G., Agnieszk, G., Robert, S., Bartłomiej, Z., and Anna, G. (2013). Metal 
content in honey, propolis, wax, and bee pollen and implications for metal 
pollution monitoring. Journal Environmental Study. (22) 1;99-106 
  
55 
Frieden, E. (1985). New perspectives on the essential trace elements. Journal of 
Chemical Education 62: (11) 917.  
Fung, L.A., Leslie, A., Funga, Johann, M.R., Antoinea, Charles, N.G., Dayne, S.A., 
and Buddob. (2013). Evaluation of dietary exposure to minerals, trace 
elements and heavy metals from the muscle tissue of the lionfish Pterois 
volitans (Linnaeus 1758). Food and chemical toxicology, (60); 205–212. 
Gulliver, JM. (1991). A Fatal Copper Sulfate Poisoning. Journal of Analytical 
Toxicology 15: (6) 341–342. 
Hamid, K.A. Mohd, A.F., Zohdi, Z., and Eshak, R. (2015). Pollen Analysis of 
Selected Malaysian Honey. Academic Journal of Entomology 8 (2): 99-103 
Hand, D.J. and Ringrose, T.J. (1997). Construction and Assessment of Classification 
Rules. Biometrics, 53(3);1181.  
Heaton, Karl, Kelly S.D., Hoogewerff, J., and Woolfe, M. (2008) Verifying the 
geographical origin of beef: The application of multi-element isotope and 
trace element analysis. Food Chemistry 107(1): 506–15. 
Ioannidou, M. Zachariadis, G., Anthemidis, A.N., and Stratis, J.A. (2004). Direct 
determination of toxic trace metals in honey and sugars using inductively 
coupled plasma atomic emission spectrometry. Talanta. (65) 1; 92-97 
Jonah, A. (2015). Heavy metals and pesticide residues in honey from the major 
honey producing forest belts in Ashanti, Brong Ahafo and Western Regions 
of Ghana. KNUST Institutional Repository. Kwame Nkrumah University of 
Science and Technology, KNUST, Kumasi. 5-40 
Kelly, N., Farisya, M.S.N., and Kumara, T.K. (2014) Species diversity and external 
nest characteristics of stingless bee in meliponiculture. Tropical Agriculture 
Science (3): 293–298. 
Khammas, Z.A., Ghali, A.A. and Kadhim, K.H. (2012). Combined cloud-point 
extraction and spectrophotometric detection of lead and cadmium in honey 
samples using a new ligand. International Journal of Chemistry Science. 
10(3);1185-1204. 
  
56 
Kokot, Z. J., Matysiak, J., Kłs, J., Kędzia, B., and Hołderna-Kędzia, E. (2015). 
Application of Principal Component Analysis for evaluation of chemical 
and antimicrobial properties of honey bee (Apis mellifera) venom. Journal 
of Apicultural Research, 48(3), 168–175. 
Kováčik, Jozef, Grúz, J., Biba, O., and Hedbavny, J. (2016). Content of metals and 
metabolites in honey originated from the vicinity of industrial town Košice 
(Eastern Slovakia). Environmental Science Pollutant Research International 
23(5): 4531–40.  
Kreitals, N.M., and Watling, R.J. (2014). Multi-element analysis using inductively 
coupled plasma mass spectrometry and inductively coupled plasma atomic 
emission spectroscopy for provenancing of animals at the continental scale. 
Forensic Science International (244): 116–121. 
Lachman, J., Kolihova, D., Miholova, D., Kosˇata, J., Titeˇra, D., and Kult, K. 
(2007). Analysis of minority honey components: Possible use for the 
evaluation of honey quality. Food Chemistry, 101(3); 973–979.  
Lazarević, K.B., Trifković, Đ., Andrić, L., Tešić, L., Anđelković, B. (2013). Quality 
parameters and pattern recognition methods as a tool in tracing regional 
origin of multifloral honey. Journal of the Serbian Chemical Society, 
78(12);1875–1892.  
Maiyo, W., Kituyi, J.L., Miteim Y.J., and Kagwanja, S.M. (2014). Heavy metal 
contamination in raw honey, soil and flower samples obtained from Baringo 
and Keiyo Counties, Kenya. IJESE. International Journal of Emerging 
Science and Engineering (IJESE) ISSN: 2319–6378, (2);5-9 
Man, C.N., Gam, L.H., Ismail, S., Lajis, R., Awang, R. (2006). Simple, rapid and 
sensitive assay method for simultaneous quantification of urinary nicotine 
and cotinine using gas chromatography-mass spectrometry. Journal of 
Chromatography. (844) 322-327. 
 
  
57 
Mao, L. (2015). Research on the Geological Sourcing of Raohe Honey by 
Inductively Coupled Plasma Mass Spectrometry with Primary Composite 
Analysis and Forecasting Models. American Journal of Analytical 
Chemistry, 06(5); 468–479.  
Martin, Alexander, E., Watling, R.J., and Lee, G.S. (2012). The multi-element 
determination and regional discrimination of Australian wines. Food 
Chemistry. 133(3): 1081–89. 
Martinez, A.M. and Kak, A.C. (2001). PCA versus LDA. IEEE Transactions on 
Pattern Analysis and Machine Intelligence. 23: 228–233. 
Matei, N., Semaghiul, B., Dobrinas, S., and Capota, P. (2004). Determination of C 
vitamin and some essential trace. Acta Chim Slov (51); 169−175. 
Mbiri, A., Onditi, A., Oyaro, N., and Murago, E. (2011). Determination of essential 
and heavy metals in Kenyan honey by atomic absorption and emission 
spectroscopy. Journal of Agriculture Science and Technology, 13(1); 107-
115. 
Michener, C.D. (2007). Lisotrigona in Thailand, and the Male of the Genus 
(Hymenoptera: Apidae: Meliponini). Journal of the Kansas Entomological 
Society, 80(2); 130–135.  
Moneim, W.M., and Ghafeer, H.H. (2007). The potential protective effect of natural 
honey against cadmium-induced hepatotoxicity and nephrotoxicity. 
Mansoura Journal Forensic Medicinal Clinical Toxicology (15): 75-97 
Moniruzzaman, M., Chowdhury, M.A.Z., Rahman, M.A., Sulaiman, S.A., and Gan, 
S.H. (2014). Determination of Mineral, Trace Element, and Pesticide Levels 
in Honey Samples Originating from Different Regions of Malaysia 
Compared to Manuka Honey. Biology Medicine Research International (2): 
1–10. 
Mujić, I., Alibabić, V., Jokić, S., and Galijašević, E. (2011). Determination of 
pesticides, heavy metals, radioactive substances, and antibiotic residues in 
honey. Polish Journal of Environmental (20): 3; 719-724. 
  
58 
Muñoz, O.R. and Cámara, C. (2001). Speciation related to human health. Trace 
Element Speciation for Environment, Food and Health. Cambridge: Royal 
Society of Chemistry 331–353. 
Naccari, C., Macaluso, A., Giangrosso, G., Naccari, F., and Ferrantelli, V. (2014). 
Risk Assessment of Heavy Metals and Pesticides in Honey from Sicily 
(Italy). Journal of Food Research, 3(2);107.  
Obeidat, S.M., Momani, I., Haddad, A., and Yasein, M. (2011). Combination of ICP-
OES, XRF and XRD techniques for analysis of several dental ceramics and 
their identification using chemometrics. Journal of Spectroscopy, 26(2); 
141–149.  
Osborne, J.W., and Costello, A.B. (2005) Best practices in exploratory factor 
analysis: Four recommendations for getting the most from your analysis. 
Practical Assessment, Research and Evaluation 10: 1–9. 
Otto, M. (2007). Chemometrics: Statistics and Computer Application in Analytical 
Chemistry. Wiley-VCH Verlag GmbH and Co. KGaA. Print ISBN: 
9783527340972; ISBN: 9783527699377 
Özcan, M.M., and Juhaimi, F.Y.A. (2012). Determination of heavy metals in bee 
honey with connected and not connected metal wires using inductively 
coupled plasma atomic emission spectrometry (ICP–AES). Environmental 
Monitoring and Assessment, 184(4); 2373–2375.  
Paulius, M., Staniskiene, B., and Budreckiene, R. (2010). Metals and organochlorine 
compounds in Lithuanian honey. Polish Journal of Food and Nutrition 
Sciences, 60(2);159-163 
Pohl, P. (2009). Determination of metal content in honey by atomic absorption and 
emission spectrometries. TrAC Trends in Analytical Chemistry, 28(1); 117–
128.  
Porrini, C. Sabatini, A., Girotti, S., Ghini, S., Medrzycki, P., Grillenzoni, F. (2003). 
Honey bees and bee products as monitors of the environmental 
contamination. Apiacta. (38); 63-70 
  
59 
Przybyowski, P., and Wilczyńska, A. (2001). Honey as an environmental marker. 
Food Chemistry, 74(3);289–291.  
Raes, H., Cornelis, R., and Rzeznik, U. (1992). Distribution, accumulation and 
depuration of administered lead in adult honeybees. Science of The Total 
Environment, 113(3); 269–279.  
Rao, P.V., Kumarathevan, Salleh, N., and Gan, S.H. (2016). Biological and 
therapeutic effects of honey produced by honey bees and stingless bees: a 
comparative review. Brazilian Journal of Pharmacognosy 1–8.   
Rahman, M.S., Asaduzzaman, M., Munira, S., Begum, M.M., Rahman, M.M., 
Hasan, M., Khatun, A. (2016). Comparative Study of Anti-Hyperglycemic 
and Anti-Hyperlipidemic Effects of Honey, Coccinia cordifolia and Hilsha 
Fish Oil in Streptozotocin Induced Diabetic Rats. Biology and Medicine, 
(8); 1–7 
Ruggieri, F., Alimonti, A., and Bocca, B. (2016). Full validation and accreditation of 
a method to support human biomonitoring studies for trace and ultra-trace 
elements. TrAC - Trends in Analytical Chemistry 80: 471–485. 
Ru, Q.M., Feng, Q., and He, J.Z. (2013). Risk assessment of heavy metals in honey 
consumed in Zhejiang province, southeastern China. Food and Chemical 
Toxicology 53: 256–262.  
Ruschioni, S., Riolo, P., Roxana, L., Mariassunta, M., Maddalena, S., Claudio, C., 
and Isidoro, P. (2013). Biomonitoring with honeybees of heavy metals and 
pesticides in nature reserves of the Marche Region (Italy). Biological trace 
element research, 154(2); 226–233. 
Saba, Z.H., Suzana, M., and Anum, M.Y. (2013). Honey: food or medicine? Med 
and Health 2013; 8(1): 3-18 
Salunkhe, S. (2012). Determination of heavy and toxic metals in honey using 
inductively coupled plasma optical emission spectrometer (ICP-OES) 
coupled with flow injection analysis (FIAS). Perkin Elmer, Experimental 
Notes- Annual Edition 2012; p 23. 
  
60 
Samimi, A. and Maymand, O.E., (2001). Determination of Cadmium and Arsenic 
pollution by bee honey based on the study on Ja’far abad area from Saveh 
city from Iran. Water and Geoscience. ISSN: 1790-5095; 199-202 
Sgariglia, M.A., Vattuone, M.A., Vattuone, M.M.S., Soberón, J.R., and Sampietro, 
D.A. (2010). Properties of honey from Tetragonisca angustula fiebrigi and 
Plebeia wittmanni of Argentina. Apidologie 6: (41) 667–675. 
Silici, S., Uluozlub, O.D., Tuzenb, M., and Soylakc, M. (2008). Assessment of trace 
element levels in Rhododendron honeys of Black Sea Region, Turkey. 
Journal of Hazardous Materials, 156(1); 612–618.  
Silva, I.A.A., Silva, T.M.S., Camara, C.A., Queiroz, N., Magnani, M., Novais, J.S., 
and Souza, A.G. (2013). Phenolic profile, antioxidant activity and 
palynological analysis of stingless bee honey from Amazonas, Northern 
Brazil. Food Chemistry 141: (4) 3552–3558. 
Silveira, T.A., Araujo, D.F.D., Marchini, L.C., Moreti, A.C.C.C. and Olinda, R.A. 
(2013). Detection of metals by differential pulse anodic stripping 
voltammetry (DPASV) in pollen collected from a fragment of the atlantic 
forest in Piracicaba/SP. Ecotoxicology and Environmental Contamination, 
8(2); 31–36.  
Singh, C., Shubharani, R. and Sivaram, V. (2014). Assessment of heavy metals in 
honey by atomic absorption spectrometer. World Journal of Pharmacy and 
Pharmaceutical Sciences. (3)8; 509-515 
Souza, B., Roubik, D., Barth, O., Heard, T., Enríquez, E., Carvalho, C. (2006). 
Composition of stingless bee honey: Setting quality standards. Interciencia 
(31):12; 867-875 
Subari, N., Saleh, J.M., Shakaff, A.Y., and Zakaria, A. (2012). A hybrid sensing 
approach for pure and adulterated honey classification. Sensors (Basel, 
Switzerland), 12(10);14022–14040.  
Suhr, D. (2005) Principal Component Analysis vs. Exploratory Factor Analysis. 
SAS® Users Group International Proceedings 203–30. 
  
61 
Tumin, N., Arsyiah, A., Halim, M., Shahjahan, Izani N.J., Munavvar, A., Sattar, 
A.H.K. and Mohsin, S.S.J. (2005). Antibacterial activity of local Malaysian 
honey. Malaysian Journal of Pharmaceutical Sciences, Vol. (3)2; 1–10  
Tuzen, M., Silici, S., Mendila, D., and Soylak, M. (2007). Trace element levels in 
honeys from different regions of Turkey. Food Chemistry, 103(2); 325–330.  
Uršulin, N., Levanić, D. and Šušnić, S. (2015). Determination of Geographical 
Origin of Black Locust Honey of Five Croatian Regions by Applying the 
PCA Method. Journal of Hygienic Engineering and Design. 68-74 
Vanhanen, L.P., Emmertz, A., and Savage, G.P. (2011). Mineral analysis of mono-
floral New Zealand honey. Food Chemistry 128: (1) 236–240. 
Valentin, J.L. and Watling, R.J. (2013). Provenance establishment of coffee using 
solution ICP-MS and ICP-AES. Food Chemistry 141(1): 98–104. 
Vit, P., Medina, M. and Eunice Enríquez, M. (2015). Quality standards for medicinal 
uses of Meliponinae honey in Guatemala, Mexico and Venezuela. Bee 
World, 85(1); 2–5.  
Woodcock, T., Downey, G., Kelly, J.D., and O’Donnell, C. (2007). Geographical 
classification of honey samples by near-infrared spectroscopy: A feasibility 
study. Journal of Agriculture and Food Chemistry 55: 9128–9134. 
World Health Organization (WHO). (2007). Evaluation of Certain Food Additives 
and Contaminants 1–238. 
Yan, Liu, J., Xiong, J., Qin, Y., and Tang, W. (2015) Identification of the 
geographical origins of pomelos using multielement fingerprinting. Journal 
of Food Science 80(2): C228–33. 
Zhu, Li, X., Shan, S., Zhang, Y., Li, Z., Su, G., and Liu, D. (2010) Detection of 
adulterants such as sweeteners materials in honey using near-infrared 
spectroscopy and chemometrics. Journal of Food Engineering 101(1): 92–
97. 
 
